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Distant supernovas appear fainter 
than expected

Observations of how galaxies cluster

What happened at the Beginning of the Universe?
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Lyman Alpha Forest: what is it?
Time

Redshift

z~0

z~6

z~1100

λ(Å)

Flux
Locates the Neutral Hydrogen, thus 
overdensities of the Universe.
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Lyman Alpha Forest: what can it do?

Courtesy slide from David SchlegelPadmanabhan et al. 2006

Eisenstein et al. 2005What happens if we use Lyman-alpha forest ?

r (h/Mpc)

r2ξ(r)
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Lyman Alpha Forest: what can it do?

Ωm = 0.25,ΩΛ = 0.75, h = 0.75, n = 0.97, σ8 = 0.8
30003particles, 1500(Mpc/h)3box, 30003grid

Fluctuating Gunn Peterson approximation

τ = A(1 + δ)β

F = e−τ
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•  Dark Energy via Baryon Acoustic Oscillations

Skewers of Neutral Hydrogen

Take the correlation function of these skewers!
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How about the resolution effect?

r[h/Mpc]

resolution 2X worse

resolution 4X worse

No obvious scale dependence

Slosar, SH, White & Louis (2009)
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Lyman Alpha Forest: what can it do?
•  Dark Energy via Baryon Acoustic Oscillations

—take the correlation function:

ξf (r) =< δf (x̂)δf (x̂ + r̂) >

r (h/Mpc)

Flux Real (Redshift) Space Correlation function

r2ξ(r)

Slosar, SH, White & Louis (2009)



Lyman Alpha Forest: what can it do?

r (h/Mpc)

r2ξ(r)

Real Space Correlation function

Redshift Space Correlation function

Scaled matter correlation functions

Slosar, SH, White & Louis (2009)
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Lyman Alpha Forest: what can it do?

BAO feature

Redshift space distortions!

Matter Flux

Redshift Space Correlation function

Slosar, SH, White & Louis (2009)



Lyman Alpha Forest: what can it do?

BAO feature

Redshift space distortions!

Matter Flux

Redshift Space Correlation function

Flux traces matter quite well even when we include redshift space distortions!

Slosar, SH, White & Louis (2009)



Lyman Alpha Forest: what can it do?

BAO feature

Redshift space distortions!

Matter Flux

Redshift Space Correlation function

Flux traces matter quite well even when we redshift space distortions!

ξfδ/
√

ξffξfδ

r (h/Mpc)

Slosar, SH, White & Louis (2009)



Lyman Alpha Forest: what can it do?

BAO feature

Redshift space distortions!

Matter Flux

Redshift Space Correlation function

Flux traces matter quite well even when we redshift space distortions!

But what how should we deal with this redshift space distortion ? 



Ci = fi(β)
β = dlnδ/dlna = Ω0.6

m

Lyman Alpha Forest: what can it do?

z-space distortionsNo z-space distortion

Apply linear Kaiser formula

µ = rpar/|!r|
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Lyman Alpha Forest: what can it do?

TheorySimulations

BAO feature

we understand how to model the redshift space distortions!

Flux Flux

Slosar, SH, White & Louis (2009)



Possible Systematics

• UV background fluctuations
• Metal Line contaminations
• Continuum subtractions
• Other IGM physics? ...
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Possible Systematics: 
UV background fluctuations

Slosar, SH, White & Louis (2009)
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Possible Systematics: 
UV background fluctuations

Two changes:
-Bias
-Width of the peak



Lyman Alpha Forest: what can it do?

•  Dark Energy via Baryon Acoustic Oscillations

TheorySimulations

BAO feature

We understand how to model the redshift space distortions,
and approximately what happens when we include 
systematics such as UV background fluctuations.

Flux Flux
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BigBOSS Lyman-alpha forest (8 times more QSOs) will make even 
better measurement of DE at z >2!
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P(k) (Mpc/h)^3 

k (h/Mpc) Courtesy slide from Anze Slosar
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Lyman Alpha Forest: what can it do?

•  Dark Energy via Baryon Acoustic Oscillations

Skewers of Neutral Hydrogen

Take the powerspectrum of these skewers!



PfNL

PfNL=0
− 1

What can we do with Lya and fnl?
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SH, Slosar, Seljak & Desjacques (in prep) 



PfNL

PfNL=0
− 1

What can we do with Lya and fnl?

fnl = -100 (z-space)

fnl = +100 (z-space)

With z-space distortions!

SH, Slosar, Seljak & Desjacques (in prep) 



curvaton
models,
DBI inflation

canonical
inflation

ghost
inflation

BOSS LRG only constraints

BigBOSS Ly-alpha forest constraints

Planck forecasted constraints

What can we do with Lya and fnl?
—Non-gaussianities in Early Universe

Best current CMB measurementfNL

∆(fNL) ∼ 5

∆(fNL) ∼ 1

∆(fNL) = 18

SH, Slosar, Seljak & Desjacques (in prep) 



Conclusion

• Lyman-alpha forest in BOSS and BigBOSS 
will (hopefully) do the following: 
—Lya BAO to measure Dark Energy at z>2
—Lya probes non-gaussianity of the Early 

Universe
—Other applications:

• Lya P(k) tighten the cosmological constraints 
• temperature density relation in the IGM
• finding missing baryons at higher z 



r[h/Mpc]

√
ξ2
lh/ξllξhh





Lyman Alpha Forest: what can it do?

• Cosmological Constraints from Lyman-alpha 
power spectrum 

First Constraint from Ly-alpha forest
to probe neutrino masses

Seljak et al. 2006



Lyman Alpha Forest: what can it do?

• Cosmological constraints from Lyman-alpha 
power spectrum (with no BAO) 

σ(
∑

mν)

σ(ΩK)

σ(ns)

σ(dns/dln(k))

Planck Planck + 
BigBOSS Lya

Planck + 
BigBOSS Lya + 
Galaxies

0.307 0.048 0.006

0.011 0.0041 0.00038

0.0034 0.0023 0.001

0.003 0.0028 0.0005

Courtesy from Anze Slosar
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BOSS Ly-alpha forest constraints

with Slosar and Seljak (work in progress)

BigBOSS Ly-alpha forest constraints

Planck forecasted constraints
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Best current CMB measurementfNL
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Lyman Alpha Forest: what can it do?

•  Simulation boxes of Dark matter
• 30003 particles

30003 mesh
1500 (h−1Mpc)3 on the side
Ωm = 0.25, ΩΛ = 0.75, h = 0.75, n = 0.97, σ8 = 0.8
Fluctuating Gunn Peterson approximation 
Peculiar velocities included 
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